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5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to financial management systems and, more 
particularly, to a method and an apparatus for effecting a retu*ement planning system 
incorporating means for planning, analyzing, and preparing reports on an investment portfolio 
10 comprised of various financial assets owned by one or more investors. 




2. Description of the Related Art 

Retirement planning is a fiiistrating exercise because the future is uncertain. 
Nonetheless, prior art retirement calculators often employ deterministic models that output 

15 seemingly precise predicted value of a portfolio. Typically, a user is required to input a number 
of parameters such, for example, as a fixed rate of inflation, a fixed rate of return, and a specified 
retirement age. Using these user-input values, the prior art calculators compute a future value of 
the portfolio at the specified retirement age or at some other specified point in time. This 
computed portfolio value, however, is of limited use to an investor, or may even be misleading to 

20 the investor, because the chance of achieving the computed value is not at all certain, but lies 
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somewhere between 0% and 100%. As any competent investor knows, future rate of return or 
rate of inflation varies from month-to-month and from year-to-year, depending on a myriad of 
highly variable economic parameters. Moreover, one's actual life span may be shorter or longer 
than that published in a life expectancy table, thereby creating further uncertainties in the 
5 computed portfolio value. 

U.S. Patent No. 5,918,217 to Maggioncalda et al. discloses a financial advisory 
system for assisting an investor to select a mix of financial products that would achieve a specified 
retirement goal. The system has a user interface that enables the investor to interactively explore 
how changes in one or more uiput decisions such as risk tolerance, savmgs level, and retirement 

10 age affect one or more output values such as a probability of achieving a financial goal. The 
system further includes a simulation module that generates a probability distribution for a 
projected asset valuation. However, Maggioncalda et al. does not disclose, for example, the use 
of Monte Carlo simulation techniques to vary the retirement age of the investor to more 
realistically demonstrate the chances of achieving the investor's retirement goals. 

15 Accordingly, there is a need for a retirement planning system that uses Monte 

Carlo techniques to vary the life span of an investor and/or to vary the rate of return of a portfolio 
so as to more completely describe an investor's chances of achievmg a retuement goal. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an easy-to-use and a cost-effective 
method and apparatus for effecting an unproved financial management system that enables a user 
(e.g. an investor) to realistically predict or project the future value of an investment portfolio 
5 while taking into consideration variations m the rate of return of the investment portfolio and/or 
mortality risks of the investor(s) over time. 

According to one aspect of the invention, the inventive system computes possible 
future values of a portfolio while varying an investor's life span and the portfolio's rate of return 
using Monte Carlo simulation techniques. The portfolio may consist of assets owned by a smgle 
10 investor or jointly by a plurality of investors. 

According to another aspect of the invention, the inventive system randomly 
generates a rate of return for a subdivided time period T^, such for example, as a year or a month, 
from a user-supplied distribution of rates of return such as historical returns or a lognormal 
distribution having a specified mean and standard deviation. 
15 According to still another aspect of the invention, the inventive system produces 

possible future returns or values of an investment portfolio by varying hypothetical life spans of 
the mvestor over a plurality of trials. The system varies the length of each trial by randomly (or 
pseudo-randomly) generating a number between (and mcluding) 0 and 1 in each trial for each 
investor and comparing the generated number with a corresponding probability of dying (i.e. 
20 mortality rate) of each investor using a mortality table. An investor's hypothetical life in a trial is 
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terminated if his/her mortality rate is greater than or equal to the randomly generated number; 
otherwise, the investor lives to an age of death indicated by the mortality table in accordance widi 
the generated number. A trial ends when the hypothetical lives of all joint investors are 
terminated in the trial. Optionally, a random (or pseudo-random) number is generated for each 
5 investor at the beginning of each subdivided period T^, and which is then compared to a chance of 
dying from the mortality table so as to determine whether the investor lives the upcoming 
subdivided period T^. 

According to yet another aspect of the mvention, the inventive system employs 
user-specified mortality rates or mortality factors (e.g. age, sex, and race) to modify published 
10 mortality rates so as to more accurately model an investor's anticipated life span. 

According to still another aspect of the invention, the inventive system computes 
net cash flow of a portfolio, while taking into account scheduled contributions and withdrawals by 
the investor (s) during a specified period. 

The inventive system advantageously produces useful results such as the following: 
15 1 . the value of a portfolio during each subdivided period in each trial; 



2. 



the value of a portfolio at the end of each trial; 



3. 



whether a portfolio, in each trial, has met a stated investment objective; 



4. 



the probability of meeting (or not meeting) an investment objective for 



20 all trials; 
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5. the distribution of portfolio values over a specified period for each trial 
and the remainder value of the portfolio after all specified trials are completed; 

6. the age-at-death of each investor at the end of each trial; 

7. the distribution of each investor's age-at-death for all trials; 

5 8. the distribution of ages of the investors in the group for all trials; and 

9. the probability of each investor living to a specified age. 
In one embodiment, there is provided a retirement planning method for computing 
possible future values of a portfolio of an investor. The method includes the steps of (a) receiving 
a plurality of user inputs comprising an initial value of the portfolio and a current age of the 
10 investor; (b) providing data indicating cumulative probabilities of living to an age of death and/or 
cumulative probabilities dying at an age of death for persons of a given age group; (c) randomly 
drawing a number between and includuig 0 and 1 for the investor; (d) definmg the randomly 
drawn number as either a cumulative probability of living to an age of death or a cumulative 
probability of dying at an age of death; (e) determining an age of death of the investor in 
15 accordance with the data based on the current age of the investor and the randomly drawn 
number; (f) computing a future value of die portfolio using the age of death of the investor 
determined in step (e), a predetermined rate of return, and the mitial value of the portfolio; and 
(g) outputting the computed future value of the portfolio. 

In another embodiment, a retirement planning method for computing a possible 
20 future value of a portfolio of an investor includes the steps of: 
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(a) receiving user inputs comprising an initial value of the portfolio and a current 
age of the investor; 

(b) randomly drawing a number between 0 and 1 (which may include one or more 

end points); 

5 (c) determining a mortality rate of the investor in accordance with a mortality table 

based on the current age of the investor; 

(d) comparing the randomly drawn number with the determined mortality rate 
using a preselected logical relation: 

(1) if the randomly drawn number satisfies the preselected logical relation 
10 with the determined mortality rate of the investor, defining the current age as the age of death of 

the investor; 

(2) if the randomly drawn number does not satisfy the preselected logical 
relation with the determined mortality rate, advancing the current age of the investor to a next age 
group indicated in the mortality table and repeating steps (b) through (d); 

15 (e) computing a future value of the portfolio using the age of death defined in step 

(d)(1), a predetermined rate of return, and the initial value of the portfolio; and 
(f) outputting the computed future value of the portfolio. 

In yet another embodiment, a retirement planning method for computing a possible 
future value of a portfolio of an investor, comprises the steps of: 
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(a) receiving user inputs comprising an initial value of the portfolio and a current 
age of the investor; 

(b) randomly drawing a number between 0 and 1 (which may include one or more 
end points) for the investor; 

5 (c) determining a mortality rate of the investor in accordance with a mortality table 

based on the current age of the investor; 

(d) comparing the randomly drawn number with said determined mortality rate 
using a preselected logical relation such that: 

(1) if the randomly drawn number satisfies said preselected logical relation 
10 with said determined mortality rate of the mvestor, define the current age as the age of death of 

the investor, and output a current value of the portfolio as a future value of the portfolio; 

(2) if the randomly drawn number does not satisfy said preselected logical 
relation with said determined mortality rate, compute a current value of the portfolio using a 
predetermined rate of return for a predetermined period, advance the current age of the investor 

15 by another predetermined period, and repeat steps (b) through (d). 

In still another embodiment, a retirement planning method for computing a 
possible future value of a portfolio of a plurality of joint investors, includes the steps of: 

(a) receiving user inputs comprising an initial value of the portfolio, a current age 
of a first joint investor, and a current age of a second joint investor; 
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(b) randomly drawing a number between 0 and 1 (which may include one or more 
end points) for each of the first and second joint investors; 

(c) determining a mortality rate of each of the first and second joint investors in 
accordance with a mortality table based on the current age of the first and second joint mvestors; 

5 (d) comparing the randomly drawn numbers of the first and second joint investors 

with corresponding mortality rates determined for the first and second joint investors in step (c) 
using a preselected logical relation such that: 

(1) if both of the randomly drawn numbers of the first and second joint 
investors satisfy the preselected logical relation with said mortality rates of the first and second 

10 joint investors respectively, define the current age of the first and second joint investors as the age 
of death of the first and second joint investors and output a current value qf the portfolio as a 
future value of the portfolio; 

(2) if only one of the randomly drawn numbers does not satisfy the 
preselected logical relation with said determined mortality rate: 

15 (i) compute a current value of the portfolio using a predetermined 

rate of return for a predetermined period; 

(ii) advance the current age of that joint investor whose randomly 
drawn number does not satisfy said preselected logical relation by another predetermined period; 

(iii) randomly draw a number between 0 and 1 (which may include 
20 one or more end points) for that joint investor; 
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(iv) determine the mortality rate of that joint investor in accordance 
with the mortahty table based on the current age of that joint investor determined in step (ii); 

(v) if the randomly drawn number satisfies the preselected logical 
relation with the mortality rate determined in step (iv), define the current age of that joint investor 

5 as the age of death of that joint investor, and output the current value of the portfolio as a future 
value of the portfolio; and 

(vi) if the randomly drawn number does not satisfy the preselected 
logical relation with the mortality rate determined in step (iv), repeat steps (i) through (vi) for 
another predetermined period. 

10 Definitions or descriptions of some key terms are as follows: 

Mortality table: a table containing the probability that a person who reaches a 
specified age dies within the specified period. For example, a table may show that a person 
who reaches the age of 50 has a 0.30% chance of dying while age 50. 

Vitality table: a table containing the probability that a person who reaches a 
15 specified age lives through the specified period. These probabilities are equal to 100% less the 
corresponding probability in a mortality table. 

Mortality table with Cumulative Probabilities: a table containing the probability 
that a person will not live to a specified age (i.e. die before the specified age). For example, 
such a table may show that a person has a 40% probability of not reaching age 75 (dying 
20 before age 75). This type of table may be derived from the mortality table. 
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Vitality table with Cumulative Probabilities: a table containing the probability 
that a person will live to a specified age. For example, such a table may show that a person 
has a 60% probability of reaching age 75. This person will have a higher probability of 
reaching younger ages, and a lower probability of reaching higher ages. This type of table 
5 may be derived from the mortality table. 

Joint mortality table: a table containing the probability that Person 1 will die at 
Age X and Person 2 will die at Age Y. Such a table may be constructed from mortality table 
for each person. A mortality table for a Person 1 would have probabilities of dying at ages 
X + 1 through age 110 (or some other specified age). Such a table would contain 110-X entries. 

10 A joint mortality table would have probabilities for every possible pair of ages at death. For a 
table up to age 110, this would be [(110-X)*(110-Y)] probabilities. From our perspective, the 
two tables both contain probabilities that an event will happen. The mortality table gives the 
probability that a person dies at a given age. The joint mortality table gives the probability that 
two persons die at two specified ages. The joint mortality table can be used to construct a joint 

15 mortality table with cumulative probabilities. 

Other objects and features of the present invention will become apparent from the 
following detailed description considered in conjunction with the accompanying drawings. It is to 
be understood, however, that the drawmgs are designed solely for purposes of illustration and not 
as a definition of the limits of the invention, for which reference should be made to the appended 

20 claims. It should be further understood that the drawings are not necessarily drawn to scale and 
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that, unless otherwise indicated, they are merely intended to conceptually illustrate the structures 
and procedures described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein like reference characters denote similar elements and 
method steps throughout the Figures: 
5 Fig. 1 is a block diagram of a presently preferred embodiment of the inventive 

system; 

Figs. 2A-2F provides a flow chart of the basic steps in one embodiment of the 
inventive method for financial plaiming; 

Figs. 3A-3F provides a flow chart of the basic steps in another embodiment of the 
10 inventive method for financial plaiming; and 

Fig. 4 is a graphical representation of an exemplary mortality table employed by 
the inventive system and method. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

The present invention is directed to a data processing system for use by a financial 
advisor or investor(s) for investment planning such, for example, as retirement planning. The 
inventive data processing system is configured to apply Monte Carlo simulation techniques to 
5 compute or predict possible fiiture values of one or more investment portfolios while varying an 
investor's life span and/or rates of return during each hypothetical life span of an investor. A 
portfolio may be owned entirely by a single investor or jointly by a group of investors. The 
possible future values of the investment portfolio are calculated for a number of trials (e.g. 1000), 
with each trial representing a possible (or hypothetical) life of the single investor or a "joint" life 

10 of the group of investors (e.g. a married couple). The system may also take into account cash 
flow including, without limitation, contributions by an investor during his/her working years and 
withdrawals by the investor during his/her retirement years. 

In a preferred embodiment, the system randomly or pseudo-randomly generates 
a rate of return from data representing historical returns or a user-specified distribution such, 

15 for example, as a lognormal distribution having a specified mean and standard deviation. (It is 
noted that the terms "random" and "pseudo-random" are used interchangeably herein.) The 
system also randomly or pseudo-randomly generates a number between 0 and 1 (e.g. a number 
greater than zero and less than one and which may include one or more end points) for each 
investor and compares the randomly generated number with another number representing the 

20 investor's chance of dying (from, for example, a mortality table) at the begirming of each trial. 
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for use in determining whether the investor lives in that trial and, if so, for how long. The 
mortality table may be based on published mortality rates that preferably take into account such 
mortality factors as, for example, gender, race, and sex. Alternatively, the mortality table 
may include or comprise mortality rates specified by the user. Instead of using a mortality 
5 table, the system includes methods for randomly generating ages at death, as explained more 
fully below, or the system may assume a fixed life span, as specified by the user, for each 
investor for all trials. In the latter case, only the rates of return are varied during each trial. 

Referring now to the drawings, Fig. 1 depicts a data processing system 10 in 
accordance with the present invention for effecting investment planning and implementing the 

10 inventive method. The data processing system 10 may comprise, by way of illustrative example, 
a personal or digital computer or the like, and includes a data storage device 12 such as a memory 
device for storing one or more databases and a central processing unit (CPU) 14 for processing 
data. An input device 16 (e.g. a keyboard and/or a mouse) and an output device 18 (e.g. a 
monitor and/or a printer) are connected to CPU 14 through an input/output port 20. 

15 The CPU 14 typically comprises, without limitation, arithmetic logic units AU22, 

AU24, and AU26. AU22 is configured to store and/or retrieve data from the database(s) stored 
in data storage device 12. These database(s) may include information such, for example, as 
historical return data for various asset classes or investment instruments (e.g. long-term corporate 
and government bonds, or large cap stocks), and a distribution of returns such as a lognormal 

20 distribution with a user-specified mean (e.g. 8%) and a user-specified standard deviation (e.g. 
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9%). The database(s) may further include mortahty rates, published and/or user-specified, and 
mortality factors based on age, sex, race, health, etc. for modifying the mortality rates. Instead 
of or in addition to these mortahty rates, database(s) may also include cumulative probabiUties of 
living to an age of death and/or cumulative probabilities of dying at an age of death. AU 24 is 
5 configured to manipulate the retrieved data by, for example, calculating incremental increases and 
decreases of an investment portfolio based on a rate of return. AU 26 is configured to generate a 
random or a pseudo-random number for comparison with, for example, another number 
representing the mortality rate of an investor, the purpose of which comparison will become 
apparent as this disclosure proceeds. 

10 Figs. 2A-2F illustrate in flow chart format the basic steps of a method, in 

accordance with the invention and, by way of example, implemented using the data processing 
system 10, for effecting fmancial planning with respect to a financial portfolio. The inventive 
method is preferably carried out in the form of a computer software program encoded on a 
machine-readable medium (e.g. a CD-ROM) and/or stored in a program memory of the 

15 computing device. Although the steps described herein specifically assume by way of illustration 
a portfolio jointly owned by a group of investors as, for example, a married couple, it will be 
readily apparent to the ordinarily skilled artisan that these steps may be readily modified for use 
with a portfolio owned by a single investor. 

As seen in Fig. 2A, the inventive method starts at block 100 and requests that the 

20 user input for each investor (I) the initial values of investment portfolios, mortality factors (such 
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for example as age, sex, race, and smoking habits), and anticipated savings (or contributions) and 
withdrawals over a specified period of time, as indicated at block 102. The system may also 
request that the user specify that the system use a particular type of distribution of rates of return 
as, for example, a lognormal distribution, historical returns, or any other art-recognized rate-of- 
5 return distribution. Preferably, the database(s) include a number of such distributions for 
selection by the user. The method then proceeds to block 104 to receive input from the user 
specifying the number of trials (N) to be run for each simulation. Next, in block 106, the user is 
asked whether to assume a fixed life span for each investor. 

If the response to the block 106 query is positive, the method requests at block 108 

10 (Fig. 2B) that the user input the age-at-death of each investor, i.e. the anticipated life span of each 
investor. The system discretizes time at block 110, as by dividing the longest life span (specified 
by die user) into M subdivided periods with each subdivided period having a duration of, for 
example, a month, a year, or a fraction thereof. The user may specify the value of M, which 
represents the total number of subdivided periods. At block 112, a counter K for counting the 

15 number of subdivided periods is initialized to a value of 1 or any suitable initial value Kq. The 
method then compares (at block 114) the current value of K (e.g. Kq ) with the value of M; if the 
current value of K is not greater than M ~ i.e. K is either less than or equal to M, then the 
method proceeds to block 116 (Fig. 2c) and randomly (or pseudo-randomly) generates a rate of 
return (R) from, for example, a lognormal distribution or any other art-recognized distribution for 

20 each portfolio for the current subdivided period. The value of each portfolio is then adjusted for 
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the current subdivided period at block 118. Cash flow for each portfolio is determined based on 
each investor's estimated or anticipated contributions, withdrawals and/or taxes owed (or accrued) 
for the current subdivided period, as indicated at block 120. The method then proceeds to block 
122 and adjusts the value of each portfolio by the cash flow determined at block 120. The age of 
5 each investor is then incremented by the current subdivided period at block 124. 

As seen at block 126 in Fig. 2B, the method increments counter K by, for 
example, an integer value of "1" in block 126 and then returns to block 114. As long as at least 
one investor is still living (i.e. K is less than or equal to M), the method repeats the steps at blocks 
116 through 126 for each successive subdivided period. When the query at block 114 indicates, 

10 on the other hand, that K is greater than M, i.e. the current subdivided period is beyond the 
specified life span of the longest living investor, then the method stores and displays results, as 
shown at block 128, and ends the current trial at block 129. The method then determines whether 
N trials have been completed in block 130. If so, the simulation run is ended. If not, the method 
proceeds to block 131 and reinitializes parameters, that mclude, for example, the current age of 

15 each investor and current subdivided period, to their initial values and starts another trial at block 
112. 

Where the answer to the query of block 106 (Fig. 2A) is negative, i.e. if the user 
does not wish to assume a fixed life span for each investor, then the method proceeds to block 132 
of Fig. 2D. There, the method discretizes or subdivides time into a plurality of subdivided 
20 periods and initializes trial counter J with Jq having an integer value of, for example, 1. At block 
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134, the method looks up the chance of dying (L^i) from a stored database for each investor (I). 
A random or a pseudo-random number (Lr,) is then generated (block 136), having a value 
between 0 and 1 (which may include one or more end points) for each investor. 

At block 138, the current value of L^^i is compared to the current value of Lr, 
5 according to a preselected logical relation such, for example, as "greater than or equal to" (i.e. 
">:"). For example, if it is determined that L^^, is not greater than or equal to L^i for all 
investors, then the method proceeds to block 140 (Fig. 2E) and assumes (at block 140) that at 
least one investor (I) is still alive in the current subdivided period. It should be noted that the 
duration of the subdivided period may be preset by the system or specified by the user at the 
i ^ 10 beginning of each simulation run. In any event, the method at block 142 randomly (or pseudo- 
p randomly) generates or draws a rate of return (R) from a stored lognormal distribution or other 
assumed or selected distribution for each portfolio for the current subdivided period. Next, at 

□ 

^ block 144 the value of each portfolio is adjusted by the randomly generated rate of return (R) for 
H the current subdivided period. At block 146, the method computes cash flow based on each 
15 investor's estimated or anticipated contribution, withdrawal and/or taxes owed for the current 
subdivided period for each portfolio. Then, at block 148 (Fig. 2F), the value of each portfolio is 
adjusted by the computed cash flow. The age of each investor is next incremented, as by the next 
subdivided period and is advanced to the following subdivided period, as shown at block 150, at 
which point the method returns to block 134 (Fig. 2D). The steps of blocks 138 through 150 are 
20 repeated until each investor's L^i is greater than or equal to his or her corresponding L^,. The 
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method then assumes that all investors in the current trial have died (block 152), and the results 
are stored and displayed (block 154). The current trial then terminates at block 156. The method 
proceeds to block 158 and determines whether N trials have been completed. If so, the simulation 
run is ended. If not, the method goes to block 134. 
5 The computed results may be displayed on a monitor or printed in a tabulated 

and/or graphical form. Based on these results, the user may revise user-specified parameters such 
as the average and standard deviation of the rate-of-return distribution and/or the age-at-death of 
each investor and then the have system execute another simulation run. The user can thus run 
multiple sunulations until acceptable results have been obtained. 
10 Figs. 3A-3F illustrate the basic steps of another embodiment of the invention for 

effecting financial planning using, again by way of illustrative example, the data processing 
system 10. 

As depicted in Fig. 3 A, the method begins at block 200 and requests at block 202 
that the user input initial values comprising or includmg, for example, current values of 

15 investment portfolios, anticipated inflation rate, annual savings, retirement expenses, mortality 
factors (or anticipated age-at-death) of each investor, etc. Preferably, database(s) comprising a 
mortality table incorporating various mortality factors and a distribution of rates of return (e.g. 
lognormal distribution and/or historical returns) are stored in data storage such as the storage 
device 12. Where a lognormal distribution is employed, a user may specify a mean and standard 

20 deviation so as to vary the anticipated risk and return associated with each investment portfolio. 
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At block 204, the user is asked to specify the number of trials for each simulation run and, at 
block 206, whether to assume a fixed life span for each investor or to employ a mortality table to 
determine the anticipated life span of each investor. 

If a fixed life span is specified at block 206, then the user must specify (at block 
5 208) the age-at-death of each investor. At block 210, the system discretizes or divides time into a 
plurality of subdivided periods (as for example by defining units of time in years, months etc.) so 
that growth of the investment portfolios may be expressed in terms of the subdivided periods. At 
block 212, trial counter J is initialized for counting the number of trials prior to a simulation run. 

At block 214, the method queries whether the current age of each investor exceeds 

10 his/her specified age-at-death. If the answer is negative, the method proceeds to block 216 (Fig. 
3C) and randomly (or pseudo-randomly) generates or draws a rate of return (R) from the stored 
database(s) which includes, by way of example, a rate-of-return distribution for each portfolio for 
the current subdivided period. Next, at block 218 the method adjusts the value of each portfolio 
by the rate of return (R) for the current subdivided period. At block 220, the cash flow is 

15 computed based on each still-living investor's estimated contributions (e.g. savings), withdrawals 
(e.g. expenses) and/or taxes owed for the current subdivided period. If an investor's hypothetical 
life is terminated, die cash flow (savings and withdrawal) attributable to that investor will also be 
terminated. The method 10 then proceeds to block 222 and adjusts the value of each portfolio by 
the cash flow computed at block 220. At block 224, the system increments the age of each still- 

20 living investor by an amount equal to the next subdivided period and advances the current 
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subdivided period (e.g. 1999 A. D.) to the next subdivided period (e.g. 2000 A.D.). The method 
then loops back to block 214 to determine whether the current age of each investor exceeds 
his/her specified age-at-death. If only one of the investors has died, that information is preferably 
stored (block 226) and ends all cash flow attributable to that investor. The steps of blocks 216 
5 through 224 are then repeated until all investors' hypothetical lives have terminated, at which 
point, the method proceeds to block 226 and stores the results from the previous steps including, 
for example, the results of blocks 216 through 224. Each current trial (i.e. the J**" trial) ends at 
block 228 and, at block 230, the trial counter J is incremented as by an integer value of 1. At 
block 232, the system 10 determines whether the specified N trials have been completed; if J is 

10 greater than N, then the simulation run ends at block 234. If, on the other hand, J is less than N, 
the method reinitializes (at block 236) parameters such as the current age of each investor and the 
value of current subdivided period and the steps of blocks 214-232 are repeated. 

Where the answer to the query of block 206 (Fig. 3A) is negative, the method 
proceeds to block 238 (Fig. 3D) and discretizes or divides time into a plurality of subdivided 

15 periods. As preliminarily described in relation to the embodiment of Figs. 2A-2F, this process 
may be automatically set. In any event, the system initializes trial counter J with an initial value 
Jq (e.g. an integer value of 1) at block 240 and then, at block 242, looks up the chance of dying 
(Lmi) in the next subdivided period for each investor from, for example, a stored mortality table. 
The mortality table may incorporate mortality factors (e.g. age, sex, race, etc.) so that the method 

20 can more accurately predict the life span of each investor. At block 244, a random or pseudo- 
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random number (Lr,) between 0 and 1 (which may include one or more end points) is generated 
for the next subdivided period for each investor. Each investor's L^i is then compared with 
his/her L^, at block 246 according to a preselected logical relation such, for example, as "greater 
than or equal to" (i.e. ">_"). For example, if the investor's Lj^i is greater than or equal to his/her 
Lr,, that investor is presumed dead for the remainder of the current trial. If, on the other hand, 
the L^i of an investor is less than his or her Liy, the method proceeds to block 248 (Fig. 3E) to 
determine his/her age-at-death using, for example, a stored or otherwise available mortality table 
or chart containing probabilities of living to a certain age or probabilities of dymg at a certain age 
for a person of a particular age such as that shown in Fig. 4 for a fifty-year-old man. 

In accordance with a particularly advantageous embodiment of the invention, the 
method determines the age-at-death of an investor by generating a random (or pseudo-random) 
number Lr, for each subsequent subdivided period and compares that number with a 
corresponding mortality rate L^i for that subdivided period. The method continues to this 
comparison process while updating the current age of the investor at each subdivided period until 
the hypothetical life of the investor ends, i.e. when the L^j generated for a subdivided period is 
less than or equal to the L^,, for that subdivided period. At such time, the method records the age 
of the investor during the last subdivided period as the age-at-death for that investor. 

At block 250 (Fig. 3E) the method queries whether the current age of each living 
investor exceeds his/her determined age-at-death. If not, the method proceeds to block 252 and 
randomly (or pseudo-randomly) generates or draws a rate of return (R) from a rate-of-retum 
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distribution stored in data storage (e.g. device 12). The stored distribution may include a table of 
historical returns or a lognormal distribution with a user-specified mean and standard deviation. 
Next, at block 254, the value of each portfolio is adjusted using the rate of return generated at 
block 252 for the current subdivided period. Cash flow is then determined or computed (block 
5 256) based on each living investor's estimated or anticipated contributions, withdrawals and/or 
taxes owed (or accrued) for the current subdivided period. Needless to say, savings and expenses 
attributable to a deceased investor will not be taken into account in this step. At block 258, the 
value of each portfolio is adjusted by the cash flow computed at block 256. Before looping back 
to block 250, the age of each living investor is incremented at block 260 by the current subdivided 
|S 10 period and the current period is advanced to the next subdivided period. These steps (i.e. of 
i;3 blocks 250-260) are then repeated until the method reaches a calculated future tune at which all of 

ry 

^ the investors in the current trial are no longer alive, as determined at block 250. At that point, 

the results are stored (block 262), the current trial is terminated (block 264), and the trial counter 
n J is incremented by an integer value of 1 (block 266). 

15 The query at block 268 then determines whether the specified N trials have been 

completed by asking if the current value of J is greater than N? If so, the simulation run is ended 
at block 270; otherwise, the method at block 272 resets parameters such as the current age of all 
investors, the trial counter J, and the subdivided period T^ to their initial values and proceeds to 
block 242 (Fig. 3D). This process continues until L^, is greater than or equal to L^, for all 
20 investors, indicating at block 274 that all investors have died in the current trial. All of the results 
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are then stored (block 276) and the current trial ends (block 278). Trial counter J is incremented 
by 1 (block 280), and the system determines at block 282 whether the user-specified N trials have 
been completed, i.e. whether J is greater than N. If the answer is positive then the simulation run 
is ended at block 284. If on the other hand the answer is negative, then the parameters mcluding 
5 current age of all investors, current value of counter J, current subdivided period T^, etc. are reset 
to their initial values, and the method, proceeds to block 242 and contmues the above described 
steps until all trials are completed, i.e. until the current value of counter J is greater than the value 
ofN. 

At the end of a simulation run, the user may display the results of that simulation 
10 run and determine or decide whether another simulation run is desired. If so, the user may input 
different initial values for parameters such as inflation rate, mean and standard deviation for a 
rate-of-retum distribution, savings and withdrawals, etc. 

In another embodiment, there is provided a retirement planning method for 
computing possible future values of a portfolio of an investor, which mcludes the steps of (a) 
15 receiving a plurality of user inputs comprising an initial value of the portfolio and a current age of 
the investor; (b) providing data indicating cumulative probabilities of living to an age of death 
and/or cumulative probabilities dying at an age of death for persons of a given age group; (c) 
randomly drawing a number between and including 0 and 1 for the investor; (d) defining the 
randomly drawn number as either a cumulative probability of living to an age of death or a 
20 cumulative probability of dying at an age of death; (e) determining an age of death of the investor 
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in accordance with the data based on the current age of the investor and the randomly drawn 
number; (f) computing a future value of the portfoho using the age of death of the investor 
determined in step (e), a predetermmed rate of return, and the initial value of the portfolio; and 
(g) outputting the computed future value of the portfolio. 
5 In still another embodiment, a retirement planning method for computing a 

possible future value of a portfolio of a plurality of joint investors, includes the steps of: 

(a) receiving user inputs comprising an initial value of the portfolio, a current age 
of a first joint investor, and a current age of a second joint investor; 

(b) providing data indicating one of cumulative probabilities of living to an age of 
10 death and cumulative probabilities dying at an age of death for persons of a given age group; 

(c) randomly drawing a number between 0 and 1 (which may include one or more 
end points) for the first joint investor; 

(d) defining the randomly drawn number of step (c) as one of said one of 
cumulative probabilities of living to an age of deadi and cumulative probabilities of dying at an 

1 5 age of death for the first joint investor; 

(e) determining an age of death of the first joint investor in accordance with said 
data, based on the current age of the first joint investor and the randomly drawn number of step 
(c); 

(f) randomly drawing a number between 0 and 1 (which may include one or more 
20 end points) for the second joint investor; 
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(g) defining the randomly drawn number of step (f) as one of said one of 
cumulative probabilities of living to an age of death and cumulative probabilities of dying at an 
age of death for the second joint investor; 

(h) determining an age of death of the second joint investor in accordance with said 
data based on the current age of the second joint investor and the randomly drawn number of step 

(f); 

(i) determining the greater age of death of the first and second joint investors by 
comparing the age of death of the first joint investor determined in step (e) with the age of death 
of the second joint investor determined in step (h); and 

(j) computing a future value of the portfolio using said greater age of death of the 
joint investors, a predetermined rate of return, and the initial value of the portfolio; and 
(k) outputting the computed future value of the portfolio. 

In still another embodhnent, a retirement planning method for computing a 
possible future value of a portfolio of an investor, includes the steps of (a) receiving user inputs 
comprising an initial value of the portfolio and a current age of the investor; (b) randomly 
drawing a number between 0 and 1 (which may include one or more of the end points); (c) 
determining a mortality rate of the investor in accordance with a mortality table based on the 
current age of the investor; (d) comparing the randomly drawn number with the determined 
mortality rate using a preselected logical relation such, for example, as a logical operator 
representing "less than or equal to" (i.e. "_< ") such that: 
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(1) if the randomly drawn number satisfies the preselected logical relation with the 
determined mortality rate of the investor, define the current age as the age of death of the 
investor; 

(2) if the randomly drawn number does not satisfy the preselected logical relation 
5 with die determined mortality rate, advance the current age of the investor to a next age group 

indicated in the mortality table and repeat steps (b) through (d); 

(e) computing a future value of the portfolio using the age of death defined in step 
(d)(1), a predetermined rate of return, and the initial value of the portfolio; and 

(f) outputting the computed future value of the portfolio. 

10 In still another embodiment, a retirement planning method for computing a 

possible future value of a portfolio of an investor, includes the steps of: 

(a) receiving user inputs comprising an initial value of the portfolio and a current 
age of the investor; 

(b) randomly drawing a number between 0 and 1 (which may include one or more 

15 end pomts); 

(c) determining a mortality rate of the investor in accordance with a mortality table 
based on the current age of the investor; 

(d) comparing the randomly drawn number with said determmed mortality rate 
using a preselected logical relation such that: 
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(1) if the randomly drawn number satisfies said preselected logical relation 
with said determined mortality rate of the investor, define the current age as the age of death of 
the investor; 

(2) if the randomly drawn number does not satisfy said preselected logical 
5 relation with said determined mortality rate, advance the current age of the investor to a next age 

group indicated in the mortality table and repeat steps (b) through (d); 

(e) computing a future value of the portfolio using the age of death defined in step 
(d)(1), a predetermined rate of return, and the mitial value of the portfolio; and 

(f) outputting the computed future value of the portfolio. 

10 In yet another embodiment, a retirement planning method for computing a possible 

future value of a portfolio of a plurality of jouit investors, includes the steps of: 

(a) receiving user inputs comprising an initial value of the portfolio, a current age 
of a first joint investor, and a current age of a second jomt investor; 

(b) randomly drawing a number between 0 and 1 (which may include one or more 
1 5 end pomts) for the first joint investor; 

(c) determining a mortality rate of the first joint investor in accordance with a 
mortality table based on the current age of the first joint investor; 

(d) comparing the randomly drawn number with said determined mortality rate for 
the first joint investor using a preselected logical relation such that: 



29 



Express Mail # EL262962313US 

(1) if the randomly drawn number satisfies said preselected logical relation 
with said determined mortality rate of the first joint investor, define the current age as the age of 
death of the first joint investor; 

(2) if the randomly drawn number does not satisfy said preselected logical 
relation witii said determined mortality rate, advance the current age of the investor to a next age 
group indicated in the mortality table and repeat steps (b) through (d); 

(e) randomly drawing a number between 0 and 1 (which may include one or more 
end points) for the second joint investor; 

(f) determining a mortality rate of the second joint investor in accordance with the 
mortality table based on the current age of the second joint investor; 

(g) comparmg the randomly drawn number with said determined mortality rate for 
the second joint investor using the preselected logical relation such that: 

(1) if the randomly drawn number satisfies said preselected logical relation 
with said determmed mortality rate of the second joint investor, define the current age as the age 
of death of the second joint investor; and 

(2) if the randomly drawn number does not satisfy said preselected logical 
relation with said determined mortality rate, advance the current age of the investor to a next age 
group defined in the mortality table, and repeat steps (e) through (g); 
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(h) determining the greater age of death of the joint mvestors by comparing the age 
of death of the first joint investor defined in step (d)(2) with the age of death of the second joint 
investor defined in step (g)(2); 

(i) computing a future value of the portfolio using the greater age of death 
5 determined in step (g), a predetermined rate of return, and the initial value of the portfolio; and 

(j) outputting the computed future value of the portfoUo. 

The random numbers may be drawn so as to provide greater assurance that the 
ages of death derived for the investor over the number of trials are distributed in a manner similar 
to that implied by the mortality (or vitality) table. In one embodiment, the interval between 0 and 

10 1 is divided into a plurality of partitions (e.g., m number of partitions), and a preselected quantity 
(Sj) of random numbers is drawn from each of the plurality of partitions. The preselected quantity 
(Sj) of random numbers is preferably proportional to the size of the corresponding partition. 
Thus, the mterval of 0 to 1 may, for example, be divided into three partitions: 0 to 0.1, 0.1 to 
0.5, and 0.5 to 1.0 (representing 10%, 40%, and 50% of the interval, respectively). For a 

15 sample size of 1000 random numbers, 100 random numbers may be drawn from the partition 0 to 
0,1 (the first partition), 400 random numbers from 0.1 to 0.5 (the second partition), and 500 from 
0.5 to 1.0 (the third partition). The random numbers from each partition may or may not include 
the end points of each partition. Each partition may or may not be of the same size. 

An example is illustrated as follows: For each partition from i = 1 to m, select Sj 

20 random numbers between end points LBOUND and UBOUND where LBOUND = (Sum of 
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Sj)/N for j = 1 to i-1 (note that LBOUND=0 when i= 1), UBOUND = (Sum of Sj)/N for j = 1 
to i, and N = the total number of random numbers. Generate an Age At Death of an investor 
using each random number in place of the random drawn number called for in any one of the 
methods described above. 
5 More specifically: 

Step 1 . Select m as the number of partitions and S(i) as the quantity of random 
numbers to select from the i* partition. 

Step 2. Let N=Sum of S(i) for i = 1 to m 

Step 3. Let PARTITI0N_CTR=1 
10 Step 4. Let LBOUND= 0 

Steps. Let UBOUND =S(i) 

Step 6. Let CUM_SI=S(PARTITION_CTR) 

Step 7. Let j = l 

Step 8. Let RND = a random number between 0 and 1 
15 Step 9. Let RND=(RND*(UBOUND-LBOUND)+LBOUND)/N 

Step 10. Generate an Age At Death of an investor using one of the above- 
described methods using RND in place of the random number. 
Step 11. Letj=j-I-1 

Step 12. If j is less than or equal to S(PARTITION_CTR) then goto Step 8, 
20 otherwise continue 
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Step 13. Add 1 to PARTITION CTR 

Step 14. if PARTITION_CTR>m then Stop otherwise continue 
Step 15 . Let CUM_SI = CUM SI + S(PARTITION_CTR) 
Step 16. Let LBOUND=UBOUND 
5 Step 17. Let UBOUND = CUM SI 

Step 18. Goto Step? 

In another embodiment, the interval of 0 to 1 is divided mto a sequence of 
numbers uniformly distributed between 0 and 1, for example: 0.1, 0.2, 0.3 ... 0.9. The end 
points (i.e., 0 and 1) may or may not be included in the sequence. Each of these uniformly 
10 distributed numbers may then be used in place of the randomly drawn numbers as described in the 
above embodiments. For example, each of these uniformly distributed numbers may be used in 
conjunction with a mortality (or vitality) table to determine the age of death of an investor for a 
subdivided period or a trial. Note that this method produces N ages at death distributed as the 
mortality (or vitality) table would imply. 
15 A specific example is illustrated as follows: 

Step 1. Start. Select a sample size of N (e.g. 1000). 

Step 2. Let a variable RND=0 

Step 3. Add 1/(N + 1) to RND 

Step 4. Generate an Age At Death using any of the above-described methods 
20 using RND in place of the randomly drawn number. 
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Step 5. If RND > =N/(N+ 1) then stop. Otherwise return to Step 3. 

As stated above, as an alternative to using the mortality tables to select a life 
expectancy of an investor, ages at death can be derived from a mortality table, a vitality table, 
a mortality table with cumulative probabilities, or a vitality table with cumulative probabilities. 
5 Moreover, such ages can be randomly generated by the following inventive techniques, which 
can, alternatively, be used to generate an age of death for use in the embodiments disclosed 
above. 



Method 1 . Using Mortality table 
10 Step 1. Start. Let the Age at Death equal the current age of the person. 

Step 2. Increment the Age At Death by one time period (e.g. by one year). 

Step 3. Look up probability of dying at the Age at Death in this period in the 
mortality table. 

Step 4. Generate a random number uniformly distributed between 0 and L If the 
15 random number is less than the probability of death, then stop. Otherwise return to Step 2. 



Method 2. Using Vitality table 

Step 1. Start. Let the Age At Death equal the current age of the person. 
Step 2. Increment the Age At Death by one time period (e.g. by one year). 
20 Step 3. Look up probability of living through this period in the vitality table. 
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Step 4. Generate a random number uniformly distributed between 0 and 1. If the 
random number is greater than or equal to the probability of living, then stop. Otherwise return 
to Step 2. 

5 Method 3 . Using Mortality table with Cumulative Probabilities 
Step 1. Start. 

Step 2. Generate a random number uniformly distributed between 0 and 1. 
Step 3. Using the Mortality table with the Cumulative Probabilities table, find 
the age which most closely corresponds to the probability generated in Step 2. This age is the 
10 Age at Death. 

Method 3a. Using Mortality Table (more general case of Method 3) 
Step 1. Start 

Step 2. Divide the segment 0-1 into intervals representing all the possible ages at 
15 death for a person. The size of each interval corresponds to the probability of dying at that age. 

Step 3. Generate a random number uniformly distributed between 0 and 1. 
Step 4. Identify the interval which contains the random number generated in 
Step 3. The age at death is the age which corresponds with this interval. 

20 Method 4. Using Vitality table with Cumulative Probabilities 

35 
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Step 1. Start. 

Step 2. Generate a random number uniformly distributed between 0 and 1. 
Step 3. Using the Vitality table with Cumulative Probabilities table, find the age which most 
closely corresponds to the probability generated in Step 2. This age is the Age At Death. 

Each of the above methods generates one age at death. The methods can be 
performed repeatedly to generate a sample set of ages at death. The sample will reflect the 
distribution of ages at death implied by the table used (e.g. mortality, vitality, etc.). However, 
any given sample may have an average or other distribution (substantially) different from that 
implied by the table. All of the above methods are based on random numbers uniformly 
distributed between 0 and 1 and may be used for randomly generating ages at death may be 
used for more than one person (e.g. a couple) by repeating the process for each person. 

Method 5. Stratified sampling. This method provides greater assurance that the sample set of 
ages of death will be distributed as the mortality (vitality) table would imply. It divides the 0-1 
interval into m partitions and generates S(i) random numbers [S(l)... S(m)] in each partition 
for a total sample size N= Sum[S(i)] for i = 1 to m. 

For each partition i=l to m, select Si random numbers between LBOUND and 
UBOUND where LBOUND = Sum(Sj)/N for j=l to i-1 (note LBOUND=0 when i=l) and 
UBOUND=Sum(Sj)/N for j=l to i. Generate an Age At Death using each random number as 
the input in place of the random number called for in one of the 4 methods described above. 
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This method is explained further in the following example. 

Step 1. Select m as the number of partitions and Si as the number of random 
numbers to select in the i* partition. 

Step 2. Let N=Sum[S(i)] for i = l to m 

Step 3. Let PARTITI0N_CTR=1 

Step 4. LetLBOUND=0 

Step 5. Let UBOUND=S(i) 

Step 6. Let CUM_SI=(PARTITION_CTR) 

Step 7. Letj=l 

Step 8. Let RND = a random number between 0 and 1 
Step 9. LetRND=(RND*(UBOUND-LBOUND)+LBOUND)/N 
Step 10. Generate an Age At Death using one of the 4 methods described above 
using RND in place of the random number. 
Step 11. Letj=j+1 

Step 12. Ifj<.S(PARTITION_CTR) then go to Step 8, otherwise continue 
Step 13. Add 1 to PARTITION_CTR 

Step 14. if PARTITION_CTR>m then Stop otherwise continue 
Step 15. LctCUM_SI=CUM SI+S(PARTITION_CTR) 
Step 16. LetLBOUND=UBOUND 
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Step 17. Let UBOUND=CUM_SI 
Step 18. Go to Step 7 

The following routine generates a set of ages distributed very closely to that 
implied by the table. It is similar to Method 5 in which M=N and S = 1. The following method 
5 generates N numbers uniformly distributed between 0 and 1. These numbers are used to 
generate the ages at death. It should be noted that there is no randonmess implied by the 
following method. Rather it produces N ages at death distributed as the mortality (vitality) 
table would imply. 
Method 6. 

10 Step 1. Start. Select a sample size of N (e.g. 1000). 

Step 2. Let a variable RND=0 
Step 3. Add l/(n+l) to RND 

Step 4. Generate an Age at Death using one of the 4 methods described using 
RND in place of the random number. 
15 Step 5. If RND >:n/(n-h 1) then stop. Otherwise return to Step 3. 

The following routine generates pairs of ages at death Method 7. (Similar to 

Method 3a) 

Method 3a. Using Mortality Table (more general case of Method 3) 
Step 1. Start 

20 Step 2. Divide the segment 0-1 into intervals representing all the possible pairs 
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of ages at death for a couple. The size of each interval corresponds to the probability of dying 
at those ages. 

Step 3. Generate a random number uniformly distributed between 0 and 1. 
Step 4. Identify the interval which contains the random number generated in 
5 Step 3. The ages at death are the ages which correspond to this interval. 

Projections are often used in investment planning, particularly for retirement. In 
such a projection, the portfolio value is projected given an initial value, a series of expected 
cash flows, a time horizon, and a series of rates of return. Conventional methods assume a 
fixed time horizon and a fixed rate of return. In a retirement planning situation, the investor(s) 
10 wants to be able to project the portfolio value until his (their) death. Obviously the age at death 
is uncertain. It is, therefore, beneficial to calculate a number (N) of portfolio projections or 
trials for a set of ages at death. One technique for accomplishing this is described below. 

Each trial is assigned a corresponding age at death which determines the length 
of time the trial will run. The age of death can be derived or calculated or selected from any 
15 of the methods disclosed above. An age at death may be derived for each member of a couple 
(or even a group). The trial will end when the last person in the group dies. The portfolio 
value is initialized to a beginning or initial value. For each period in the projection the 
portfolio value is updated based on a rate of return (either fixed or randomly generated). The 
portfolio value is adjusted for any cash flows expected to occur within that period. A trial may 
20 be terminated early (before death) if the portfolio runs out of money, or the value may be 
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allowed to assume negative values. A trial is considered a success if the ending portfolio value 
exceeds some target value. Otherwise it is a failure. 

Running large numbers of trials lets a user of the method derive or calculate 
success of a particular portfolio based on the selected variables. The distribution of portfolio 
5 values at various time periods (e.g. after 1 year, 5 years, 10 years etc.) can also be examined 
and a set of ages at death can be generated by running any of the above methods N times to 
create N projections. Alternatively, we could uses any of methods 1-4 to calculate an age at 
death. Then we could a projection using this age. We could repeat these steps N times. Still 
another alternative is to create a projection that determines the age of death as the projection is 

10 created. This requires using method 1 or 2. A loop (as described in each method) is performed 
that also updates the portfolio value and tests whether the person is still alive. The loop 
continues until the person or the last person in the couple or group dies. 

It should be appreciated that although the time periods are typically yearly 
increments, the method could be used for other periods (e.g. months or days). Allowing the 

15 ages at death to vary lends itself well to modeling cash flows that depend upon that age at death 
such as life insurance and social security payments. Alternatively, cumulative tables could 
show a lifespan (number of years to live) instead of an age. Moreover, fractional ages can be 
used by interpolating values in the mortality or vitality tables. 

It is contemplated diat the inventive method also allows a user to specify a variety 

20 of spending rules for an investor. Illustrative examples of such spending rules include: spending 



40 




Express Mail # EL262962313US 

5% of the portfolio value of a previous subdivided period T^; spending 3% of the average value of 
the portfolio value over a period of time (e.g. 5 years); or initially spending 5% of the portfolio 
value and then adjusting the portfolio value by the anticipated inflation rate, but not allowing the 
investor's spending to exceed a specified maximum percentage and/or fall below a specified 
5 minimum percentage. 

It is also contemplated that the method take into account an investor's expected or 
anticipated inheritance by, for example, applying the mortality table to his/her benefactor in the 
manner described above. It is further contemplated that the incorporate die effect of taxes on the 
value of each portfolio. Separate portfolios for taxable, tax-deferred (e.g. traditional IRA) and 

10 tax-exempt (e.g. Roth IRA) accounts may be assumed. Furthermore, different return and risk 
assumptions may be specified for each portfolio. Importantly, the correlation coefficient of the 
returns among the asset classes (e.g. bonds, large cap stocks, small cap stocks) may also be 
specified by the user. For each subdivided period T^, rates of return may be randomly or pseudo- 
randomly drawn from different distributions having an assumed mean and standard deviation. In 

15 addition, the assumed rates of return may be drawn from distributions that are correlated with 
each other. 

For taxable accounts, the mediod will recognize and take into account that the 
realized gains, based on a user-defined cost basis, turnover and tax rates, will be taxed at capital 
gains rates, while income (based on yield) will be taxed at ordinary income tax rates. Similarity, 
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withdrawals from tax deferred accounts will be taxed at ordinary income tax rates while tax- 
exempt accounts will not be taxed. 

It is also contemplated that the method allows the user to specify dynamic return- 
and-risk assumptions. Dynamic return-and-risk assumptions refer to the variation of the mean 
5 and standard deviation for the rate-of-return distribution for each trial. This assumption may be 
based for example on the passage of tune (e.g. for modeling an investor who has become more 
conservative over time), an event (e.g. retirement of an investor), or the portfolio value itself 
relative to a stated goal (e.g. the calculated return required to meet the stated goal). 

It is further intended that the stored mortality table be updated at appropriate tunes. 

10 It is also contemplated that the inventive method allows the projected return to be 

based duectly on historical returns. Thus, by a database of historical returns for various asset 
classes the inventive method and apparatus can generate a return for a subdivided period T^ by 
randomly drawing a rate of return from a historical period and applying that rate to each 
investment portfolio for that subdivided period T^. 

15 It should additionally be understood that although the inventive method has been 

described in connection with the disclosed hardware system 10, it may also be applied to a 
general-purpose digital computer incorporating the appropriate hardware architecture and 
elements. 

Thus, while there have shown and described and pointed out fundamental novel 
20 features of the invention as applied to preferred embodiments thereof, it will be understood that 
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various omissions and substitutions and changes in the form and details of the methods described 
and devices illustrated, and in their operation, may be made by those skilled in the art without 
departing from the spirit of the invention. For example, it is expressly intended that all 
combinations of those elements and/or method steps which perform substantially the same 
5 function in substantially the same way to achieve the same results are within the scope of the 
invention. 

Moreover, it should be recognized that structures and/or elements and/or method 
steps shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
10 embodiment as a general matter or design choice. 
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